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PREFACE

A spectrum survey often depends upon significant efforts by personnel not directly involved in
the measurements. We wish to thank the following people who made the spectrum survey at San
Diego, California a success: Commander H. Hugo of the Nava Command, Control and Ocean
Surveillance Center (NCCOSC), who granted us permission to use the Battery Ashburn area on
Pt. Loma for the survey; T. DiMattio of the Cabrillo National Monument, who granted us access
to Monument property; F. Kirtman of the NCCOSC spectrum management office, who provided
us with information on individual transmitters on the Point; L. Kilgore of the Naval Research and
Development (NRaD) security division, who made physical security arrangements at the site; and
H. Grigsby of the San Diego Federal Communications Commission office for providing vauable
background information on spectrum activities in the San Diego area

Certain commercial equipment and software are identified in this report to adequately describe
the measurements. In no case does such identification imply recommendation or endorsement
by the National Telecommunications and Information Administration, nor does it imply that the
equipment or software identified are necessarily the best available for the application.

This report, along with other ITS reports, is available on the World Wide Web through the ITS

home page. The home page address is. http://ntiahome.html. The ITS online document page
address is. http://ntia/pub/pubs.html.
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BROADBAND SPECTRUM SURVEY AT
SAN DIEGO, CALIFORNIA

Frank H. Sanders, Bradley J. Ramsey, and Vincent S. Lawrence

The National Telecommunications and Information Administration (NTIA) is
responsible for managing the Federal Government’s use of the radio spectrum. In
discharging this responsibility, NTIA uses the Radio Spectrum Measurement System
to collect data for spectrum utilization assessments. This report details such a data
collection effort spanning all of the spectrum from 108 MHz to 19.7 GHz in the
metropolitan area of San Diego, California during February and March of 1995.

Key words:  land mobile radio (LMR); radar emission spectrum; radio frequency environment;
Radio Spectrum Measurement System (RSMS); spectrum resource assessment;
Spectrum survey.

1. INTRODUCTION
1.1 Background

The National Telecommunications and Information Administration (NTIA) isresponsible for
managing the Federal Government’s use of the radio spectrum. Part of thisresponsibility isto
establish policies concerning spectrum assignment, allocation, and use; and to provide the various
departments and agencies with guidance to ensure that their conduct of telecommunications
activities is consistent with these policies [I, part 8.31. In discharging this responsibility, NTIA
1) assesses spectrum utilization, 2) identifies existing and/or potential compatibility problems
among the telecommunication systems that belong to various departments and agencies,
3) provides recommendations for resolving any compatibility conflicts that may exist in the use
of the frequency spectrum, and 4) recommends changes to promote spectrum efficiency and
improve spectrum management procedures.

Since 1973, NTIA has been collecting data on Federal use of the radio frequency spectrumin
support of the NTIA Spectrum Analysis Program.  The Radio Spectrum Measurement System
(RSMS) isused by NTIA to provide technical support for 1) Spectrum Resource Assessments
(SRAs), 2) U.S. participation in the International Telecommunication Union (ITU) conferences
and ITU Radiocommunication Sector (ITU-R) activities, 3) analysis of electromagnetic
compatibility (EMC) problems, 4) interference resolution, and 5) systems review activity related
to new Federal Government systems.

‘The authors are with the Institute for Telecommunication Sciences, Nationa Telecommunications
and Information Administration, U.S. Department of Commerce, Boulder, CO 80303-3328.



1.2 Authority

The RSMS is under the administrative control of the Director of the Institute for Telecom-
munication Sciences (ITS). The Deputy Associate Administrator of the Office of Spectrum
Management (OSM) isresponsible for meeting the spectrum management requirements of NTIA,
astransmitted to him by the Associate Administrator of OSM. RSM S measurement activities
are authorized by the Deputy Associate Administrator of OSM in consultation with the Director
of ITS. Federal agencies with spectrum management problems can request support of the RSMS
through the Deputy Associate Administrator of OSM.

1.3 Purpose

Under Departmental Organizational Order 25-7, issued October 5, 1992 and amended
December 3, 1993, the Office of Spectrum Management is responsible for identifying and
conducting measurements necessary to provide NTIA and the various departments and agencies
with information to ensure effective and efficient use of the spectrum. As part of thisNTIA
measurement program, spectrum occupancy measurements are conducted using the RSMS. The
spectrum occupancy data presented in this report do not include identification of specific emitters.
The measured data are provided for the spectrum management community to:

enable a better understanding of how telecommunication systems use the allocated
spectrum;

. provide timely information on variations in frequency-band usage, e.g., identify
frequency bands becoming heavily used;

support the NTIA system review process by providing information on the availabil-
ity of spectrum for new systems; and

assess the feasibility of promoting alternative types of services or systems that
result in more effective and efficient use of the spectrum.

1.4 Extrapolation of Spectrum Occupancy Data

The spectrum survey measurements contained in this report cannot be solely used to assess the
feasibility of using alternate services or systems in a band. Extrapolation of data in this report
to general spectrum occupancy for alternative spectrum uses requires consideration of additional
factors. These include spectrum management procedures, types of missions performed in the
bands, and new spectrum requirements in the development and procurement stages. Also,
measurement area, measurement site, and measurement system parameters should be considered.

The area chosen for a spectrum survey will affect measured spectrum occupancy. For example,
measurements made in Denver, Colorado [2] are probably representative of many maor
metropolitan areas that do not have any maritime radionavigation or heavy military activity.



Other cities, such as San Diego, California, show higher levels of usage in bands that support
such activities.

Choice of measurement site within an area can also affect measured spectrum occupancy. An
area such as Seattle-Tacoma, Washington (rough terrain, heavy forestation, and widely dispersed
transmitters) may require multiple measurement sites to adequately characterize usage.

Spectrum management procedures such as band allotments for functions and missions affect
spectrum utilization. For example, channels used for taxi dispatch might show heavy use
whereas channels allocated for law enforcement or public safety may show less use. Regardiess
of usage, dedicated channelsfor these safety-of-life functions remain a spectrum requirement.
Special occurrences such as Olympic games, natural disasters, and Presidential inaugurations also
create unigue spectrum reguirements.

Spectrum measurements provide data on expected signal levels and probability of occurrences
that are essential for assessing aternate uses of the spectrum. Such information cannot be
obtained from band allocation databases or an understanding of spectrum management
procedures.

2. OVERVIEW OF BROADBAND SPECTRUM SURVEYS
2.1 Introduction

Procedures for conducting a broadband spectrum survey using the RSMS are outlined in this
section. Site selection factors, significant measurement system parameters, and hardware and
software configurations developed for the surveys are described. Detailed information on the
system hardware (including the vehicle, instrumentation, antennas, and receiver front-end),
measurement software, and other measurement capabilities are provided in Appendices A and B.
Measurement system response to various types of signalsis described in Appendix C. RSMS
caibration theory and application are described in Appendix D.

2.2 Survey Site Selection

A successful spectrum survey (also caled a site survey) requires careful selection of a
measurement site. Maximum signal intercept probability and minimum logistic problems are the
first considerations when locating a site for an RSM S spectrum survey.

The primary signal intercept factors are 1) maximum line-of-sight coverage to increase the
probability of weak signal reception such as transmissions from mobile units; 2) limited numbers
of nearby transmitters to prevent intermodulation or saturation problems that can arise even
though preselection and/or filtering is used for survey measurements; and 3) limited man-made
noise such as impulsive noise from automobile ignition systems and electrical machinery that can
add to the received signas of interest and give misleading results.



The primary logistic factors are 1) commercial power to increase the probability of completing
the spectrum survey (typically two weeks of 24-hr operation) without power interruptions;
2) commercia telephonefor relatively inexpensive reliable communications, compared to the
RSMS cellular telephone that could possibly contaminate the measurements when transmitting;
and 3) security of personnel, vehicle, and electronic hardware.

Theideal siteisawell-illuminated, fenced, and patrolled areathat satisfies al of the primary site
selection factors above and has reasonable access to lodging for the operating personnel.

2.3 Spectrum Survey M easurements

Spectrum surveys are normally conducted for two weeks using the RSM S in an automatic mode.
The measurement system is preprogrammed to continuously run software algorithms tailored to
the characteristics of the radio emitters that typically occupy measured frequency sub-bands.
Two decades of making such measurementsin cities across the United States suggest that general
patterns of spectrum occupancy tend to be repeated from site to site. Emissions from the
following sources are commonly observed during RSMS spectrum surveys:

» land-mobile, marine-mobile and air-mobile communication radios;

» terrestrial, marine and airborne radars, and airborne radio altimeters;

» radionavigation emitters, such as TACAN and VOR,

» cellular and trunked communication systems;

» broadcasting transmitters such as UHF and VHF television, and multipoint distribu-
tion systems (wireless cable TV);

» industrial, scientific and medical (ISM) sources, including vehicular tracking
systems, welders, and microwave ovens; and

» common carrier (point-to-point) microwave signals.
Emissions that are not normally receivable during spectrum surveys are:
satellitedownlink emissions;
galactic and solar noise;
some types of spread spectrum signals; and

radio transmitters that are turned off.



Although the last category is self-evident, questions exist regarding the extent to which users who
have assignments in the radio spectrum either do not operate, or operate very rarely, with those
assignments. Appendix C discusses factors related to probability of intercept and addresses
matters of measurement time vs. statistical significance of data.

As mentioned above, there are many different types of radio signals within the measurement
frequency range. Each is measured with a hardware configuration and measurement algorithm
specifically selected to give the most useful description of the particular type of signal(s)
expected in a frequency sub-band. The measurement system parameters specially configured for
each signal type include: antennas, signal conditioning, tuning speed, measurement bandwidth,
detector mode, and measurement repetitions. The RSMS measurement software automatically
switches the measurement system to the proper configuration for each sub-band. The measure-
ments are repeated in various sub-bands according to specifications established by consideration
of signa intercept probability, signal variability, measurement significance, and expenditure of
system resources.

For spectrum surveys, the RSMS normally performs measurements of general spectrum
occupancy across a frequency range of 108 MHz to 19.7 GHz. To accomplish this task,
measurements are conducted in an automatic mode with the RSM S configured as two measure-
ment systems, identified as “System- 1" for frequency measurements below 1 GHz, and
“System-2" for simultaneous measurements above 1 GHz.

The data acquisition (DA) measurement software provides instructions to configure each receiver
system, execute measurement routines, record measured data, and maintain a real-time log of the
measurements and key parameters. The measurement system configuration parameters used by
the software are called “band events’ and the automated band event execution procedures are
caled “band-event schedules.” Unattended operation of the measurement system for extended
periods of time is made possible through this use of computer control. Remote control of the
RSMSis aso possible via atelephone modem linked to the computer. Standardized measure-

ment schedules are used for each spectrum survey, with the measured data stored for post-
measurement processing.

2.3.1 Survey Band Events

The spectrum measured by the RSMS is divided into selected frequency ranges (survey bands)
that are measured according to a computer-stored list of measurement parameters and instrument
settings called aband event. Each band event combines a measurement algorithm (" Swept/m3"
for example) with a particular set of signa input ports, front-end configurations, spectrum
analyzer (SA) modes and settings, and data-recording options. Band-event parameters and
options are detailed in Appendix B. The factors considered when selecting frequency sub-bands,
receiver agorithms, and other parameters for the band events are discussed in Appendix C.
Spectrum survey “standard” band-event parameters for System-l and System-2 are shown in
Tables 1 and 2, respectively.



Table 1. Spectrum Survey Band Events for RSMS System-|

Standard Events DA Receiver Parameters DA Spectrum Analyzer Parameters® Antenna’
Event Freg. Band | Algor- Start End scans | sweeps | Steps | IFBW | Detectof VBW RL MHNA Swp/stp[Type | Gain
Number (MH2) ithm | (MHz) | (MHz) | (#of) | (#of) | (#of) | &kHD) | Type | (kH2) | (dBm) | (Hswps) | (s=) (dBi)
10][*** 108-162 sw/m3 104 164 6 100 1 10 sample 10 -20 1 0.3 LPA 55
12 162-174 sw/m3 160 180 2 500 1 10 sample 10 -20 1 0.3 LPA 55
13 174-216 sw/m3 170 220 1 500 1 100 sample 100 -10 1 0.02 LPA 5.8
14 216-225 sw/m3 216 225 3 60 1 3 sample 3 -30 1 0.9 LPA 5.8
15 225-400 sw/m3 22s 405 6 100 1 30 sample 30 -10 1 0.09 LPA 5.9
16 400-406 swim3 400 406 2 60 1 3 sample 3 -10 1 0.9 LPA 6.0
17 406-420 sw/m3 400 420 2 200 1 10 sample 10 -20 1 0.9 LPA 6.0
18 420-450 stepped 420 450 1 1 30 1000 +peak 3000 -10 1 12 LPA 6.0
19 450-470 sw/m3 450 470 2 200 1 10 sample 10 -20 1 0.9 LPA 6.1
9.20%** 470-512 sw/m3 470 520 5 100 1 10 sample 10 -20 1 0.9 LPA 6.1
21 512-806 sw/m3 512 812 3 200 1 100 sample 100 -10 1 0.02 LPA 6.2
22 806-902 sw/m3 806 906 10 60 1 10 sample 10 -20 1 0.3 LPA 6.2
23 902-928 swept 900 930 3 1 1 10 MXMH 10 -10 600 0.3 LPA 6.1
24 902-928 stepped 900 930 1 1 30 1000 +peak 3000 -10 1 12 LPA 6.1
25 928-960 sw/m3 920 960 4 300 1 10 sample 10 -20 1 0.3 LPA 6.1

For spectrum surveys, attenuation is set to O (default), display to 10 dB/div, and the spectrum analyzer in use must measure at least 1000 points per scan.

**  For the San Diego survey, al System-l events were measured with a 100 MHz to 1 GHz log periodic antenna (LPA) mounted at a 45" angle for dant
polarization (see Section A.4 of Appendix A).

*** |n portions of the 108-162 MHz and 470-512 MHz bands, it was necessary to use attenuation to prevent front-end overload. This was accomplished by
creating new band events (9 and 10) for the portions requiring attenuation. Thirty dB of attenuation was used for event 9, across 470-490 MHz, and 40 dB
attenuation was used for event 10, across 104-114 MHz.



Table 2. Spectrum Survey Band Events for RSMS System-2

Standard Events DA Receiver Parameters DA Spectrum Anayzer Parameters® Antenna**
Event Freg. Band Algor- start End scans | sweeps | Steps | IFBW Detectorl VBW RL MH/VA | Swp/stp | Type | Gain
Number (MH2) ithm | (MHz) (MHz)| (#0f) | @#of) | (#of) | (kH2) | Type | (kHz) | @Bm) | (#swps) (s0) (dBi)
05 960-1215 sw/m3 950 1250 1 500 1 300 +peak 3000 -10 1 0.02 omni 2.1
06 1215-1400 stepped 1200 1400 1 1 200 1000 +peak 3000 -10 1 12 omni 2.2
07 1350-1400 sw/m3 1350 1400 5 100 1 10 sample 10 -20 1 0.3 omni 22
08 1400-1530 sw/m3 1400 1550 5 200 1 30 sample 30 -10 1 0.09 omni 2.2
09 1530-1710 sw/m3 1530 1710 6 500 1 30 sample 30 -10 | 0.09 omni 2.2
10 1710-2300 swept 1700 2300 6 1 1 100 MXMH 100 -10 600 01 dish 175
u 2300-2500 swept 2300 2500 2 1 1 100 MXMH 100 -10 600 01 2.5
12 2500-2700 swept 2500 2700 2 1 1 100 | MXMH 100 -10 600 01 dish 19.8
13 2700-2900 stepped 2700 2900 1 1 200 1000 +peak 3000 -10 1 5+ omni 2.8
14 2900-3 100 stepped 2900 3100 1 1 200 | 1000 +peak 3000 -10 1 12 omni 2.8
1s 3 100-3700 stepped 3100 3700 1 1 200 3000 +peak 3000 -10 1 12 omni 3.0
16 3700-4200 swept 3700 4200 5 1 1 100 MXMH 100 -10 600 01 dish 23.5
17 42004400 sw/m3 4200 4400 1 500 1 300 +peak 3000 -10 1 0.02 ornni 3.0
18 4400-5000 swept 4400 5000 6 1 1 100 MXMH 100 -10 600 0.1 dish 25
19 5000-5250 sw/m3 5000 5300 1 500 1 300 +peak 3000 -10 1 0.02 omni 31
20 5250-5925 stepped 5250 5950 1 1 240" | 3000 +peak 3000 -10 1 12 omni 31
21 59257 125 swept 5926 7125 4 1 1 300 MXMH 1000 -10 600 0.1 dish 28




Table 2. Spectrum Survey Band Events for RSMS System-2 (Continued)

Standard Events DA Receiver Parameters DA Spectrum Analyzer Parameters® Antenna”
Event Freg. Band Algor- start End scans | sweeps | Steps | IFBW | Detectorf VBW RL MH/VA | Swp/stp | Type | Gain
Number (MHz) ithm | (MH2z)[ (MHZz)[(#0f) | (#of) | & of)| KHD | Type | (kHZ) | (@Bm) | (Howps) (se0) (dBi)
22 7125-8500 swept 7100 8600 5 1 1 300 | MXMH| 1000 -10 600 01 dish 30
23 8500-10550 | stepped 8500 10600 1 1 720+ | 3000 +peak 3000 -10 1 4 omni 3.1
24 10550-13250 swept 10550 13250 1 1 | 30001 MXMH]| 3000 -10 600 0.1 dish 33
2s 13250-14200 | stepped | 13250 14250 | 1 340" | 3000 +peak 3000 -10 1 4 omni 2.8
26 14200-15700 swept 14200 15700 1 1 1 3000 MXMH]| 3000 -10 600 01 dish 35
27 15700- 17700 | stepped 15700 17700 1 1 70+ 3000 +peak 3000 -10 1 4 omni 2.7
28 17700-19700 | swept 17700 19700 1 1 1 3000 MXMH| 3000 -10 600 0.1 dish 37

*  For spectrum surveys, attenuation is set to O (default), display to 10 dB/div, and the spectrum analyzer in use must measure at least 1000 points

per scan.

** A parabolic (dish) antenna is used for azimuth scanning (i.e., “rotating dish” measurements only). See Sections A.4 and B.2 of Appendices

A and B, respectively for descriptions of the antennas and the swept/azimuth-scanning algorithm used with the dish antenna.

+ Anincreased step time (dwell) may be used to characterize stow rotation-emitters (e.g., weather radars) if they are contributing a significant
part of the measured occupancy.

++ The number of steps given is the minimum necessary to ensure full coverage in the measurement bandwidth selected for this event. Since
this band has been well-characterized by previous RSMS measurements, fewer steps were used for the San Diego survey to save measurement
time for higher priority band events.




Each row in the tables, beginning with an event number, shows the measurement parameters for
a specific receiver configuration in the RSMS. Instruction to run the event can come from an
operator or from a computer-loaded band-event schedule as explained in Section 2.3.2. The DA
software, when instructed, sends the command parameters for an event to the system hardware
and initiates measurements for the event. The tables (Table 1 and Table 2) are subdivided into
four parts: 1) “Standard Events’ identifies the event number and exact frequency range of
interest, 2) “ DA Receiver Parameters’ shows input values for receiver configuration subroutines,
3) “ DA Spectrum Analyzer Parameters’ lists configuration command val ues sent to the spectrum
analyzer, and 4) “ Antenna’ identifies the type and gain of the antenna selected for the event.
Appendix B describes DA software configuration routines and the associated table parameters
found in 2) and 3) above.

2.3.2 Band-Event Schedules

Using RSMS measurement control software, any band event can be executed by an operator at
any time. For spectrum surveys, many band events are used to span severa gigahertz of
spectrum and each event requires a different amount of time to execute. DA software also
includes an automated band-event execution mode where any of the band events may be
programmed (scheduled) to execute in any sequence for any amount of time (within hardware
limits on continuous operation of the measurement system).

There are two types of schedules used for spectrum surveys with the RSMS: a standard band-
event schedule of all the survey bands, or a special band-event schedule for afew selected survey
bands. For example, if asurvey was conducted in a port city, a special schedule might include
only survey bands with assignments for maritime communications (this was not, however, done
in San Diego). Any number of special schedules can be run during a survey.

Tables 3 and 4 show the standard band-event schedules for RSMS System-| and System-2,
respectively. Tables 5 and 6 show specia band-event schedules for measurements in survey
bands expected to show altered usage during adverse weather. The tables include: 1) schedule
number;2 2) band-event number (specifies which band event to “run” in the schedule); 3) priority
number (value assigned to the band-event data, with (1) being the highest priority); 4) event time

(approximate time in minutes needed to run the event); and 5) accumulative time (approximate
time in hours that the sequence has run).

Band-event priority is an important consideration when scheduling standard band events; i.e.,
some freguency bands in a spectrum survey are of more interest to spectrum managers than
others. In fact, an important part of the preparation for a spectrum survey isareview of local
frequency assignments and alocations.  From this preliminary information, measurement
parameters may be modified and band-event priority numbers (1, 2, or 3, with 1 being highest
priority) adjusted to optimize survey data.

*This is a sequence number used by the scheduling subroutine. Only 64 band events may be
sequenced, but there is no limit on how many times the sequence runs during a survey.

9



Table 3. Standard Band-Event Schedule for RSMS System-1

Schedule Band Event Priority Event Time | Accumulative
Number Number Number (minutes) Time (hour)
1 12 1 16.3 0.27
2 10 2 1.7 0.30
3 11 2 8.6 0.44
4 17 1 10.8 0.62
5 14 2 5.1 0.71
6 13 3 5.8 0.81
7 19 1 10.8 0.99
8 22 2 10.8 1.17
9 9 1 55 1.26
10 20 1 8.3 1.40
11 23 2 5.3 1.48
12 25 1 20.0 1.82
13 18 2 6.7 1.93
14 12 1 16.3 2.20
15 16 3 34 2.26
16 17 1 10.8 244
17 24 2 6.7 2.55
18 19 1 10.8 2.73
19 10 2 1.7 2.76
20 11 2 8.6 2.90
21 9 1 5.5 2.99
22 20 1 8.3 3.13
23 14 2 5.1 3.22
24 25 1 20.0 3.55
25 21 3 7.3 3.67
26 12 1 16.3 3.94
27 22 2 10.8 4.12
28 17 1 10.8 4.30
29 23 2 53 4.39
30 15 3 8.3 4.53
31 19 1 10.8 4.71
32 18 2 6.7 4.82
33 9 1 5.5 4,91
34 20 1 8.3 5.05
35 24 2 6.7 5.16
36 25 1 20.0 5.50
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Table 4. Standard Band-Event Schedule for RSM S System-2

Schedule Band Event Priority Event Time Accumulative
Number Number Number (minutes) Time (hours)
1 05 3 5.6 0.09
2 06 3 42.0 0.79
3 07 2 8.6 0.94
4 08 2 12.7 1.15
5 09 1 37.2 1.77
6 11 3 3.0 1.82
7 13 3 18.0 2.12

14 2 42.0 2.82
9 15 2 420 3.52
10 17 3 5.6 3.61
1 19 3 5.6 371
12 20 2 49.0 452
13 23 2 49.0 5.34
14 25 1 25.0 5.76
15 27 1 52.0 6.62
16 05 3 5.6 6.72
17 09 1 372 7.34
18 17 3 5.6 743
19 19 3 5.6 7.52
20 25 1 25.0 7.94
21 27 1 52.0 8.81
22 05 3 5.6 8.90
23 07 2 8.6 9.04
24 08 2 12.7 9.25
25 09 1 37.2 9.87
26 11 3 30 9.92
27 14 2 42.0 10.62
28 15 2 42.0 11.32
29 17 3 5.6 11.42
30 19 3 5.6 11.51
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Table 5. Adverse Weather Band-Event Schedule for RSM S System-|

Schedule Band Event Priority Event Time Accumulative
Number Number Number {minutes) Time (hours)
1 12 1 16.3 0.27
2 11 2 10.3 0.44
3 12 1 16.3 0.72
4 14 2 5.1 0.80

Table 6. Adverse Weather Band-Event Schedule for RSM S System-2

Schedule Band Event Priority Event Time Accumulative
Number Number Number (minutes) Time (hours)
1 09 1 372 0.62
2 23 2 49.0 144
3 05 3 5.6 153
4 17 3 5.6 1.62
5 20 2 49.0 2.44
6 14 2 42.0 3.14
7 13 3 18.0 3.44

Highly dynamic bands (where occupancy changes rapidly) include those used by mobile radios
(land, marine, and airborne) and airborne radars. These bands are assigned a high priority and
measured often during a spectrum survey in order to maximize opportunities for signal detection.
Bands that are not very dynamic in their occupancy (such as those occupied by commercial radio
and television signals or fixed emitters such as air traffic control radars) need not be observed
as often, because the same basic occupancy picture will be generated every time. Such bands
are given alow priority and less measurement time.  An extreme case is that of the common
carrier bands, which are essentially nondynamic. Generally, these are only measured once during
asurvey and are not included in the band-event schedules.

The standard band-event schedules are usually arranged to execute priority 1 events three times
more often than priority 3 events. However, some adjustment to this arrangement may be
necessary to accommodate total time required to complete the sequenced band-event schedule.
For example, if less than two weeks of measurement time were available, a time-consuming
priority 1 event (such as Band Event 27; 15.7-17.7 GHz) might not be run three times as often
as priority 3 events to ensure that all bands would be measured.
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Because of the many land mobile radio (LMR) bands below 1 GHz, System- 1 scheduling reflects
some preplanning for time-of-day analysis. The sequenced schedule is prepared so that all events
will be run within an 8-hr period; such that, after a few days of 24-hr data collection certain
LMR bands will be measured at least once during each hour.

3. SAN DIEGO SPECTRUM SURVEY
3.1 Introduction

This section 1) describes the measurement site selected for a spectrum survey in the San Diego,
Cdiforniaarea; 2) briefly describes the data processing used to characterize spectrum occupancy
across the 108-MHz to 19.7-GHz frequency range; and 3) presents the measured data.

3.2 Measurement Site Description

The RSMS was parked on Point Loma, west of Catalina Drive, about 40 m southwest of the
Cabrillo National Monument upper maintenance building and directly above Battery Ashbum.
The location was about 9.5 km (6 mi) west-by-southwest of downtown San Diego, on property
owned by the U.S. Navy. The site coordinates were 117014'38.2" W, 32040 39.8" N. Base
atitude was 116 m MSL. The only structure at the site that was higher than the RSM S antennas
was a mast (made of metal and approximately 2 ft in diameter) about 15 m high and about 80 m
from the RSMS.

The site was well removed from fixed RF transmitters and man-made noise sources such as

vehicular traffic. Mobile communications originating on Point Loma were primarily associated

with the Cabrillo Monument maintenance staff, the Navy Public Works Center, and security

patrols. Figure 1 shows the location of the RSM S in the San Diego area. Figure 2 shows areas
that were line-of-sight (white) to the RSM S from 2 m above ground (typical mobile antenna
height) and those areas that were obstructed (shaded with plus (+) signs) from the RSMS due to

terrain. Figure 3 shows the RSM S deployed at Point Loma.

The San Diego metropolitan area occupies alow coastal zone that is bounded by high mountains
to the east, and rough but lower terrain to the north. It adjoins the city of Tijuana, Mexico on
the southern side of the U.S./Mexico border. Prominent physical features in the area include
Mission Bay, San Diego Bay, and alarge peninsula, named North Island, forming one side of
San Diego Bay. North Island and the bays support extensive naval, commercial shipping, and
aviation activities that contribute to spectrum usage. (For example, America's Cup qualifying
races were being held near Point Loma; during one race, a rescue operation requiring radio
communications occurred). Urban development in the area is extensive. Figure 2 shows that the
RSMS survey location on Pt. Loma afforded mostly unbroken line-of-sight coverage of the San
Diego metropolitan area. Line-of-sight coverage over the ocean extended to aradius of about
40 km (24 mi) from the RSM S location on the Point.
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Figure 1. Area map of San Diego, California showmg the location of the RSMS on Point
Loma. Map produced with MapExpert™ software from DeLorme Mapping.

14



AR dp e = Rt AR A== USRS
R and o g At
. e g S Py  and ] i
AAAAAS AMAAAARAAS i it
AAARARRARS AR AR b
i ot op P i AAAS
s L
e el bt P
AR RS AR A\ s
bp b t=b =t o ip bt Pt b ph b
5 AR AN AN e e SR e b - + ).
AR RS AR AR e b b e
Rand b p bbb bbb e
AL AR A AR A ARRAARA S Al
H-Nm & A b b S
Eay Fb P bt e ARG
Al G/ AARAAR AR AR SRR -t
. v P
A WA A SAAAARAANS +» rARRARARAS b ++
+ . AARARRD RS s
AR AN g AR AR AR

AR A PP A b b
P P o dpdorf e e S sy
@ PAAAAA FRARAN
& o AN PUNARAPURAAANAAAN,
RS AR A AR A A
4 A b i i e A
4 A AR
AP ARARAAA A AR
AR A
A AR T
AR AR
AR AR AR AR
& bt
4
0 A 2 A b 4
N AR A
. e b
; ; o
A
Al . (:l
[«
+ b
A b
oo
A and
>t P

Coranado I\\T‘aﬁ'o Y :§

San Di \\ P H;:'”
ChulaXj NESAL
o VS o
RSMS LA

Figure2. Areamap of San Diego, Californiashowing regionsthat are line-of-sight (white) and
nonline-of-sight (terrain shadowed) from the RSM S raised antennas.  Terrain
shadowing overlay provided by ITS Telecommunications Analysis Services.

15



San Diego, Cdlifornia.

L

16

Figure 3. ITS Radio Spectrum Measurement System at Point



Also shown in Figure 2, RSMS coverage included much of the Tijuana area. Most spectrum
usagein Tijuanais thought to occur below 1 GHz. The RSMS measurementsin this frequency
range were performed with a 6-dBi gain log periodic antenna pointed toward downtown San
Diego, thus enhancing RSM S reception of San Diego-area signals relative to signals from
Tijuana. However, the spectrum occupancy data from San Diego undoubtedly (and unavoidably)
also contain some Tijuana usage, particularly below 1 GHz.

3.3 Data Considerations

The San Diego survey was performed as outlined in Section 2. The band-event tables (Table 1
for System-| and Table 2 for System-2) in Section 2.3.1 list the measurement system parameters
used for each survey band. Appendix C contains explanations of the measurement algorithm
selections. All survey bands for System-|I were measured with al00-MHz to I-GHz log periodic
antenna (LPA) mounted at a 45" angle (for dlant polarization) on the small mast and aimed
toward downtown San Diego. The System-2 survey bands (except for azimuth-scanning bands3)
were measured with a 500-MHz to 18-GHz dant polarized biconical omni antenna mounted on
the large mast. For the azimuth-scanning survey bands (event numbers 10, 12, 16, 18, 21, 22,
24, 26, and 28) a rotating I-m Tecom dish (dual horizontal/vertical feed) antenna was used. See
Appendix A for more on antennas and RF front-end hardware configurations.

All of the measured data, except the azimuth-scanning measurements previously mentioned,
underwent an additional cumulative processing (cuming) step before being displayed. Every
frequency data point recorded for Swept/m3 measurements was cumulated (cumed) such that the
graphed data points (received signal levels;, RSLs) show the maximum of maximum RSLs, mean
of mean RSLs, and minimum of minimum RSLs (see Section C.3.1 of Appendix C for a
discussion of Swept/m3 cumulative processing). Cuming of Stepped and Swept measurements
results in graphs showing maximum, mean, and minimum RSLs of al scans. On all graphs of
cumed data, maximum and minimum curves are drawn with solid lines and mean curves with
dashed lines.

The data collection rate for the San Diego survey was increased by decreasing the number of
steps used to measure some survey bands (specifically, band events 20, 23, 25, and 27). This
change was made to assess the trade-off between reduced steps and accel erated measurement rate.
The reduced-step results are comparable to those of RSMS surveys performed in these bands
during the last twenty years.

Strong received signal levels from FM radio broadcast stations below 108 MHz generated
intermodulation products in the normally configured RSMS front-end. To eliminate such
responses, 40 dB of attenuation was inserted at the RF front-end for measurements below
114 MHz.  This desensitized the RSMS measurements by 40 dB at these frequencies.

3The azimuth-scanning measurement routineisaspecial operator-interactive technique using a
rotating dish antennawith the DA Swept measurement algorithm. See SectionsB.2and C.8in
AppendicesB and C for more about scanning.
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Consequently, the possibility of receiving measurable signals in this range (such as instrument-
landing system glideslope transmissions) was greatly reduced. However, asignal at 109.8 MHz
was still detected. Similarly, commercial television broadcast signals forced the addition of
20 dB attenuation in the 174-216 MHz range and 30 dB additional attenuation in the 470-
490 MHz range.

3.4 Measured Data

Each survey band of measured data is graphically displayed on a single page along with
corresponding frequency allocations and assignment information (Figures 4-43). Each survey-
band figure has an identical format. The principal band-event parameters and measurement
location are included in the figure caption. The survey-band graphsin the middle of the page
show frequency in megahertz on the x-axis vs. received signal level marked at 5-dBm increments
on the y-axis. Noise level tick marks on the y-axis of some graphs (e.g., “avg sample noise” and
“min sample noise” on Figure 4) show measurement noise limits. Measurement system noise and
system response to various types of signals are described in Appendix C.

The text above each graph (delimited by horizontal and vertical lines) shows the applicable U.S.
Government and non-Government frequency allocations and corresponding typical user
information (general utilization) for the survey band. The vertical lines delimit, by frequency,
both the allocations and the measured survey-band graph on the same page.

The frequency allocations (services) are entered according to convention just as they appear in
the “ U.S. Government Table of Frequency Allocations’ [ 1, part 4.1.3]. Briefly summarized: the
names of primary services are printed in capital |etters; secondary services are printed in normal
upper and lower case; and where the allocated service is followed by a function in parenthess,
the allocation is limited to the function shown,

The vertical lines are placed according to frequency separations in the allocation tables. The
frequencies are written at the lower end of the vertical lines and are aways in megahertz. Any
service entry that does not fit within the line-delimited space above the graph is given a number
referencing the complete allocation text below the graph on the same page. If there is additional
information pertinent to a specific Government or non-Government allocation, it is indicated by
anumber referencing a note below the graph. General utilization, i.e., typical assignment usage
notes (for the Government or non-Government allocations that fall between the same vertical line
delimiters) also have a reference number if insufficient space is available. All notes are written
in ssimple text format distinguishable from the allocated service entries that are entered according
to convention as explained above.

It should be noted that the appearance of survey-band graphsis substantially affected by the
measurement parameters and the analysis techniques employed. For example, datain Figures 5
and 6 were measured with similar techniques; but, Figure 5 appears to show a denser signal

population than Figure 6. Closer examination shows that Figure 5 covers twice the frequency
range of Figure 6 and this may be a primary reason for the apparently denser signal environment
of Figure 5. Similarly, various band events may be plotted with different amplitude scales or
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Figure 6. NTIA spectrum survey graph summarizing 52,500 sweeps across the 162-174 MHz range (System-1, Band Event 12,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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NTIA spectrum survey graph summarizing 18,500 sweeps across the 174-216 MHz range (System-1, band event 13,



14

GOVERNMENT MARITIME MOBILE, Radiolocation, Fixed, Aeronautical Mobile, 1, 2 LAND MOBILE, Radiolocation, 1. Radiolocation, 1
ALLOCATIONS:
NON-GOVERNMENT MARITIME MOBILE, Fixed, Radiolocation, Aeronautical Mabile, 2 LAND MOBILE. AMATEUR.
ALLOCATIONS:
GENERAL Automated maritime telecommunications systems. Trunked and conventional systems. Amateur (1.25 meters)
UTILIZATION:
216 220 222 225
-40

)
o

o— [l "
5 -eo . e
> .s T
= :
5 JERTT0 Vo N0 U I8 UM U R WS S S —_—— )Y -
:. . l T I TR L1211 .
: _120 v Lo i : ] Fasanen ti 3
E it 1 0 0
avg sample noise —  JAA ARV - A ol | k
-140
min sample noise — A .°.:....- y SN eeseeesoss esdssesveidtenna BondonssFurnann Caanneel 1 auve P it en 2o ot o po v f ey 4
-180
216 217 218 219 220 221 222 223 224 225
Frequency (MHZz)
1 Radiolocation is limited to the military services. 2. Secondary services, other than radiolocation, are generally limited to telemetering and associated

telecommand operations.

Figure 8. NTIA spectrum survey graph summarizing 4,020 sweeps across the 216-225 MHz range (System-1, band event 14,
swept/m3 algorithm, sample detector, 3-kHz bandwidth) at San Diego, CA, 1995.
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Figure9. NTIA spectrum survey graph summarizing 2,900 sweeps across the 225-400 MHz range (System-1, band event 15,
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Figure 10. NTIA spectrum survey graph summarizing 2,040 sweeps across the 400-406 MHz range (System-I, band event 16,

swept/m3 algorithm, sample detector, 3-kHz bandwidth) at San Diego, CA, 1995.
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Figure 11. NTIA spectrum survey graph summarizing 20,600 sweeps across the 406-420 MHz range (System-1, band event 17,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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Figure 12. NTIA spectrum survey graph summarizing 68 scans across the 420-450 MHz range (System-1, band event 18, stepped
algorithm, +peak detector, 1000-kHz bandwidth) at San Diego, CA, 1995.
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1 450-451 MHz and 455-456 MHz: Remote pickup broadcast. 3 454-455 MHz and 459-460 MHz. Domestic Public.
451-454 MHz, 456-459 MHz, 460-462.5375 MHz, 462.7375-467.5375 MHz, and 4. 462.5375-462.7375 MHz and 467 5375-467 7375 MHz' Personal.
467.7375-470 MHz: Public Safety, Industral, Land Transportation 5  460-470 MHz: GOES and TIROS satellite downlinks.

Figure 13. NTIA spectrum survey graph summarizing 20,400 sweeps across the 450-470 MHz range (System-1, band event 19,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT 1
ALLOCATIONS-

NON-GOVERNMENT BROADCASTING. 1. | BROADCASTING
ALLOCATIONS:

GENERAL Television broadcasting (channels 21-36) Television broadcasting (channels 38-69).
UTILIZATION:

512 608-614 806

-100 KB #ARUIE i! . i & o N e S 1N . PHIES
B D R T AL VN X A 1 )

Received Signal Level (dBm)
3

ok feeegeds wde colu Rl ML Wicecos orananssdenedl A RN R eBosnaneSigsusns i i

H I H H q ’ &) H

avg sample noise — K £ Y ' H A : : : : : H
- | 3 3 - TR p— Gooseol iR, 5 H 3 i | R | I T 1S IS

min sample noise o TG o . At o - 5 N il e e Y ..o T e o e o

-140
512 562 612 662 712 762 812

Fregquency (MHZz)

1.  RADIO ASTRONOMY No stations are authorized to transmut in this band

Figure 15. NTIA spectrum survey graph summarizing 5,800 sweeps across the 512-806 MHz range (System-1, band event 21,
swept/m3 algorithm, sample detector, 100-kHz bandwidth) at San Diego, CA, 1995.



1€

GOVERNMENT
ALLOCATIONS:
NON-GOVERNMENT LAND MOBILE, 1
ALLOCATIONS:
GENERAL Conventional and Cellular Systems (Public Mobile). 4. | Conventional and 3. Cellular Systems (Public Base). 5.16,7
UTILIZATION: Trunked {mobile). Trunked (base).
806 821 824 849-851 866 869 894 896 902
-40
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- L L L L L L 1 L 2 1 L L i H L ok L 3 ' L 2 L '3 L H 1 L L J—
806 818 830 842 864 866 878 890 902
Frequency (MHZz)
806-890 MHz: Limuted allocation is avatlable for TV Channels 70-83. 5. Aeronautical Mobile (air-to-ground).

Public Safety (base)

PR

Public Safety (mobile).

Aeronautical Mobile (ground-to-air).

6  896-901 MHz' Private Land Mobile (paired with 935-940 MHz).
General Mobile.

7. 901-902 MHz

Figure 16. NTIA spectrum survey graph summarizing 4,020 sweeps across the 806-902 MHz range (System-1, band event 22,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT
ALLOCATIONS:

RADIOLOCATION

NON-GOVERNMENT

ALLOCATIONS:

GENERAL
UTILIZATION:

Military radiolocation systems, Industrid scientific and medical (ISM), Automatic Vehicle Monitoring (AVM), spread spectrum devices, microwave ovens, digital communications,
repesters, 1

Roceived Sinal Leve (6Bn)

min maxhol

902 928

-30

-110 F- : = R ousnaens i : i o R

ani%_ o aedfunuafannanaarsefunansssenyecelifoesdhoecers Bianminiateras st AN A R e P Wt s s st s pe gl ne e s Pnnnuer, oos TP o X o funeees

-1
30902 904 906 908 910 912 914 916 918 920 922 924 926 928

Frequency (MHz)

1. Fixed and mobile radio services are permitted on a secondary basis. however, band utilization is increasing for non-Government 1SM, spread spectrum and other modes, amateur, etc., as permitted in Region 2.

Figure 17. NTIA spectrum survey graph summarizing 16,800 sweeps across the 902-928 MHz range (System-|, band event 23, swept

algorithm, maximum-hold detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT RADIOLOCATION

ALLOCATIONS:
NON-GOVERNMENT
ALLOCATIONS:
GENERAL Military radiolocation systems, Industrial scientific and medical (ISM), Automatic Vehicle Monitoring (AVM), spread spectrum devices, microwave ovens, digital communications,
UTILIZATION: repeaters, 1.
902 928
/
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Frequency (MHz)

1.  Fixed and mobile radio services are permitted on a secondary basis; however, band utilization is increasing for non-Government ISM, spread spectrum and other modes, amateur, etc., as permitted in Region 2

Figure 18. NTIA spectrum survey graph summarizing 63 scans across the 902-928 MHz range (System-1, band event 24, stepped
algorithm, +peak detector, 1000-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT FIXED. FIXED.
ALLOCATIONS:
NON-GOVERNMENT 1 LAND FIXED LAND MOBILE. S. FIXED FIXED.
ALLOCATIONS: MOBILE
GENERAL 1. 2. 3 Pnvate land mobile (base), 3 Auxthary broadcasting, private fixed microwave, studio-to-transmitter links (STL's), 6.
UTILIZATION: 4.
928 929 932 935 940 941 944 960
"40 T
- SO S
60 i
— l
i
= -80
(=]
M SUPUNC -
lllllllll (]
et H. SN H
i
-s _100 "
-g | .
. . !.
max sample noise —— ...' g I.|! e afro
120 E L | i 1.L.E 1t B
-12 p | 1 [
; ! l I ]
avg sample noise —
N U | SO NOVOD OO O OO P | - i i h
min sample Noise —— it -
- L H H 1 L i L 1 1 F i ] 1 L V' L
928 932 936 940 944 o966 9680
Frequency (MHZz)
I FIXED. Private fixed microwave, public and prnivate land mobile, telemetry applications. Two-way 4  Trunked and conventional systems in 12 5 kHz channels (paired with 896-901 MHz).
setvices paired with 952-953 MHz 5 MOBILE
2 Public and private land mobile 6. 944-952 MHz' Pnimarily STL’s 952-953 MHz paired with 928-929 MHz. 953-960 MHz' Primarily,
3 Paired band for point-to-pomt and point-to-multipoint communtcations fixed point-to-point communications

Figure 19. NTIA spectrum survey graph summarizing 27,600 sweeps across the 928-960 MHz range (System-1, band event 25,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT AERONAUTICAL RADIONAVIGATION, 1
ALLOCATIONS
NON-GOVERNMENT AERONAUTICAL RADIONAVIGATION, 1.
ALLOCATIONS:
GENERAL TACAN, DME, MLS, ATCRBS, MODE-S, T-CAS, JTIDS, 2
UTILIZATION:
960 1215
-40 H T
i H
-80

Roceved Sipel Love (cBn)
:

-100

avg +peak noise —-—

min +peak noise —_ r

-120
960 980 1000 1020 1040 1060 1080 1100 1120 1140 1160 1180 1200 1220

Frequency (MHZz)

1.  The 960-1215 MHz band is reserved on a worldwide basis for the use and development of electronic aids 2. Tactical Air Navigation (TACAN). Distance Metering Equipment (DME). Microwave Landing System
to air navigation. On a case by case basis, Government systems utthzing spread spectrum techniques for (MLS). Air Traffic Control Radar Beacon system (ATCRBS, MODE-S, and IFF). Collision Avoidance
terrestrial communication, navigation and identification may be authonzed on condition that aeronautical System (T-CAS) Joint Tactical Information Distribution System (JTIDS).

radionavigation services not experience harmful mterference

Figure 20. NTIA spectrum survey graph summarizing 36,500 sweeps across the 960-1215 MHz range (System-2, band event 05,
swept/m3 algorithm, +peak detector, 300-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT RADIOLOCATION, RADIOLOCATION AERONAUTICAL RADIONAVIGATION, FIXED, MOBILE, RADIOLOCATION.
ALLOCATIONS: 1 Radiolocation
NON-GOVERNMENT Amateur. AERONAUTICAL RADIONAVIGATION.
ALLOCATIONS:
GENERAL 2,3, 4. 3,4,5. 3, 4. 3, 6, Fixed and Mobile links.
UTILIZATION:
1215 1240 1300 1350 1400
0
-20 i

— ) 2)
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-100 I
1200 1226 12650 1275 1300 1326 1350 1376 1400
Frequency (MHZz)

1 RADIONAVIGATION-SATELLITE (space-to-Earth). 4.  Tethered balloon mounted radar for drug mterdiction.
2. 1227.6 MHz: Global Positioning System (GPS). S.  Amateur television. Amateur weak signal modes and other modes. Amateur satellite (Earth-to-space)
3. High-power long-range surveillance radars including FAA Air-Route Surveillance Radar (ARSR) 6 1381.05 MHz: GPS data relay.

Figure 21. NTIA spectrum survey graph summarizing 28 scans across the 1215-1400 MHz range (System-2, band event 06, stepped
algorithm, +peak detector, 1000-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT FIXED, MOBILE, RADIOLOCATION, 1
ALLOCATIONS:

NON-GOVERNMENT 1.
ALLOCATIONS:

GENERAL Military radiolocation, fixed and mobile links, GPS, aeronautical radionavigation, 2, 3
UTILIZATION:

1350 1400

©
o

soeived Spal Level (cBin)

-110 mIiEwr ump o AN A r

R

avg sample no1ise36. o vt fuegobarioys S aiarane o

min sample noise — mmmm—ww

850
1360 13586 1360 13856 1370 1376 1380 1385 1390 1395 1400
Frequency (MHZz)

1. 1350-1370 MHz: AERONAUTICAL RADIONAVIGATION (allocation for U.S. and Canada only). 3. 1369 05-1393.05 MHz' Fixed and mobile satellite services (space-to-Earth) for the relay of nuclear burst
2 Mulitary radiolocation applications are primanly high-power long-range surveillance radars. data. GPS operates at 1381.05 MHz to relay data detected by orbiting satellites

Figure 22. NTIA spectrum survey graph summarizing 4,900 sweeps across the 1350-1400 MHz range (System-2, band event 07,
swept/m3 algorithm, sample detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT RADIO ASTRONOMY, 1. 2] 3 MOBILE (Aeronautical telemetering).
ALLOCATIONS:
NON-GOVERNMENT RADIO ASTRONOMY, 1. 4.1 5 MOBILE (Aeronautical telemetering).
ALLOCATIONS*
GENERAL Passive. Aeronautical telemetry and telecommand
UTILIZATION"
1400 1427-1429 1435 1530
-850
-70
—
)
T o
|
g -H0
_% max sample notse™
o= .
avg noise —
-130
min sample noise —
~-160
1390 1410 1430 1450 1470 1490 1510 1530
Frequency (MHz)
1.  EARTH EXPLORATION-SATELLITE (Passive), SPACE RESEARCH (Passive) 4 SPACE OPERATION (Earth-to-space), Land Mobile (Tel ing and telecc d), Fixed
2.  FIXED, MOBILE except aeronautical mobile, SPACE OPERATION (Earth-to-space). (Telemetening).
3.  FIXED, MOBILE. 5 Land Mobile (Tel ring and telecc d), Fixed (telemetering).

Figure 23. NTIA spectrum survey graph summarizing 9,600 sweeps across the 1400-1530 MHz range (System-2, band event 08,
swept/m3 algorithm, sample detector, 30-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT 1 2. AERONAUTICAL RADIONAVIGATION, RADIONAVIGATION- | 3. 4 5. METEOROLOGICAL AIDS, FIXED,
ALLOCATIONS. SATELLITE (space-to-Earth, 1559-1610 MHz) (Radiosonde), 6. 7.
NON-GOVERNMENT 1 2 AERONAUTICAL RADIONAVIGATION, RADIONAVIGATION- | 3. 4. 5 METEOROLOGICAL AIDS, 7, Fixed
ALLOCATIONS: SATELLITE (space-to-Earth, 1559-1610 MHz). (Radiosonde), 6
GENERAL INMARSAT, | AMS(R)S 1559-1610 MHz: GPS, GLONASS INMARSAT AMS(R)S. Radiosondes and satellite 8.
UTILIZATION. SARSAT 1610-1626.5 MHz:  Airborne aids to air navigation, only. imagery
1530 1545 1559 1626.5 1646.5 1660 1668.4 1700 1710
~50

—

AowoP

Signal Leve (dBm)

ed

RSMS not ‘ccnﬁgured to receive space-to-Earth transmissions

©
o

-110_ gl . N VO SN Y O o I

= max sample noise

avg sample noise =

-130

min sample noise —— o

B0
1630 1660 1670 1690 1810 1630 1650 1670 1690 1710
Frequency (MHz)

RADIO ASTRONOMY. 1660-1660.5 MHz: AERONAUTICAL MOBILE-SATELLITE (Earth-to space).
1660.5-1668.4 MHz: SPACE RESEARCH (Passive).
1668.4-1670 MHz: RADIO ASTRONOMY. 1670-1700 MHzr METEOROLOGICAL-SATELLITE

1530-1544 MHz: MARITIME MOBILE-SATELLITE (space-to-Earth). 1530-1535 MHz: Mobile
(Aeronautical telemetering). 1544-1545 MHz: MOBILE-SATELLITE (space-to-Earth).
AERONAUTICAL MOBILE-SATELLITE (space-to-Earth) 1545-1549 S MHz. Mobile-Satellite (space-

©N o

to-Earth). 1549 5-1558.5 MHz: MOBILE-SATELLITE (space-to-Earth). (space-to-Earth).
1626.5-1645.5 MHz. MARITIME MOBILE-SATELLITE (Earth-to-space). 1645 5-1646.5 MHz: METEOROLOGICAL-SATELLITE (space-to-Earth).
GOES, TIROS-N.

MOBILE-SATELLITE (Earth-to-space, distress and safety only).
AERONAUTICAL MOBILE-SATELLITE (Earth-to-space). 1646 5-1651 MHz Mobile-Satellite (Earth-
to-space) 1651-1660 MHz: MOBILE-SATELLITE (Earth-to-space).

Figure 24. NTIA spectrum survey graph summarizing 35,000 sweeps across the 1530-1710 MHz range (System-2, band event 09,

swept/m3 algorithm, sample detector, 30-kHz bandwidth) at San Diego, CA, 1995.
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-100 " . 4L

sBegpees Sl oo

GOVERNMENT FIXED, MOBILE FIXED (LOS only),
ALLOCATIONS: MOBILE (L.OS only), 3.
NON-GOVERNMENT FIXED. MOBILE, Fixed.
ALLOCATIONS-
GENERAL LOS fixed links, telemetry, Private fixed microwave. Auxiliary broadcasting, domestic public fixed, cable TV, control | TDRSS, SGLS, 4
UTILIZATION: telecommand, 1. Future PCS and repeater links, point to multpoint video, cellular, 2.
1710 1850 1990 2200 2290-2300
RSMS not configured to receive space-to-Earth transmissions
—
S .
-
= |
= |
E -80 |
% i ] 1| [
o0 ] 1 H

41,
>
sase e
—
p—

mn maxhold noise — W (ot
-120
1700 1760 1820 1880 1940 2000 2060 2120 2180 2240 2300
Frequency (MHZz)
1. Predominantly federal medium-capacity hne of sight (LOS) fixed service band 3 SPACE RESEARCH (space-to-Earth) (space-to-space), SPACE OPERATION (space-to-Earth) (Earth-to-

2. 1990-2110 MHz: Electronic news gathering (ENG). GOES uplink, NASA’s global ground network and
TDRSS (2025-2110 MHz). 2110-2200 MHz: NASA space and Earth to space command links support
Pioneers, Voyagers, MAGELLAN, GALILEO, and ULYSSES (2110-2120 MHz) Paired fixed links
(2110-2130 MHz with 2160-2180 MHz; 2130-2150 MHz with 2180-2200 MHz) Point-to-point and point
to multipoint links (2150-2160 MHz).

space), EARTH EXPLORATION-SATELLITE space-to-Earth)(space-to-space)

Space telemetry, telecommand and control systems Fixed microwave

FIXED, MOBILE except acronautical mobile, SPACE RESEARCH (space-to-Earth) (Deep Space only).
SPACE RESEARCH (space-to-Earth) (Deep Space only)

NASA deep space network space-to-Earth telemetry Radio astronomy observations

Figure 25. NTIA spectrum survey azimuth-scan graph of the 1710-2300 MHz range (System-2, band event 10, swept algorithm,
maximum-hold detector, 100-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT 1. RADIOLOCATION, MOBILE, Fixed. RADIOLOCATION, 5.
ALLOCATIONS:
NON-GOVERNMENT 2. MOBILE. 6. Amareur. FIXED, MOBILE,
ALLOCATIONS: Radiolocation. 8.
GENERAL 3. Telemetry, telemetry communications, acronautical telemetry, 4. Amateur Satellite (space-to-Earth). 1. 7.9
UTILIZATION: Amateur mixed modes, 7.
2300 2310 2390 2400 2450 2483.5 2500
-20
-40
—
=l
- -60 §
- +] H I
—l 3
-8 _80 ......... - -
5 o !
o= ) 4
] d
-100 NI 1 X IR T A N T SOV SR B e LA
£
min maxhold noise — - ey e
-120
2300 2326 2360 2375 2400 2425 2450 2475 2500
Frequency (MHZz)
1. RADIOLOCATION, Fixed, Mobile. 6  AMATEUR.
2. Amateur. 7. 2400-2500 MHz: Is also used for industrial scientific and medical (ISM) applications including
3.  Amateur weak signal modes and other modes. microwave ovens
4. AF High-power long-range surveillance radar and air traffic control radar. Vepus Radar Mapper (VRM) 8  RADIODETERMINATION-SATELLITE (space-to-Earth).
9. Satellite downlinks and multichanrel fixed and portable video transmission by TV broadcasters

syathetic aperture radar.
5.  No Government allocations in this band after August 1995.

Figure 26. NTIA spectrum survey graph summarizing 28,800 sweeps across the 2300-2500 MHz range (System-2, band event 11,
swept algorithm, maximum-hold detector, 100-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT 3 4.
ALLOCATIONS-
NON-GOVERNMENT BROADCASTING-SATELLITE, FIXED, 1 FIXED, BROADCASTING- 4,
ALLOCATIONS SATELLITE, 1, 3
GENERAL Auxiliary broadcasting, pay television distribution, private video teleconferences, educational television (ITSF), 2. Pnivate fixed microwave, 2.
UTILIZATION:

2500 2655 2690 2700

RSMS not configured to receive space-to-Barth transmissions

@
o

1

[Ire & T = e essseldders nndans: o xwes sesss g 2T

Recived SinalLevel ()
8

vaes
n

B R LR WL W LD 3 R .
min maxhold noise — |1, :
-120
2500 2526 2550 25756 2600 2625 2650 26756 2700
Frequency (MHZz)
1 Broadcasting-satellite service 1s limited to community reception of educational and public service 3. Earth Exploration-Satellite (Passive), Radio Astronomy, Space Research (Passive).
television programming 4. EARTHEXPLORATION-SATELLITE (Passive), RADIO ASTRONOMY, SPACE RESEARCH (Passive).

2. 2500-2686 MHz: Ommdirectional transmission of multipoint MDS that can be contamed within 6 MHz
channel bandwidths.

Figure 27. NTIA spectrum survey azimuth-scan graph of the 2500-2700 MHz range (System-2, band event 12, swept algorithm,
maximum-hold detector, 10-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT AERONAUTICAL RADIONAVIGATION, METEOROLOGICAL AIDS, Radiolocation, 1, 2

ALLOCATIONS:
NON-GOVERNMENT
ALLOCATIONS:
GENERAL Airport surveillance radars (ASRs), military ground control approach radars (GCAs), NWS weather radars (NEXRAD, etc ), long-range surveillance radars and air traffic control radars.
UTILIZATION-
2700 2900
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Frequency (MHZz)
1.  The aeronautical radionaviganon service 1s restricted to ground-based radars and associated airborne 2 The secondary radiolocation service is himited to the military and must be fully coordimated with the
transponders that transmit only in this band when actuated by these radars primary services.

Figure 28. NTIA spectrum survey graph summarizing 28 scans across the 2700-2900 MHz range (System-2, band event 13, stepped
algorithm, +peak detector, 1000-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT MARITIME RADIONAVIGATION, Radrolocation, 1, 2
ALLOCATIONS: )
NON-GOVERNMENT MARITIME RADIONAVIGATION, Radiolocation, 1, 2.
ALLOCATIONS:
GENERAL Maritime radars and radar beacons (racons), military high-power 3-D long-range surveillance radars and air traffic control radars.
UTILIZATION:
2900 3100
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1 Radiolocation assignments are primarily for the military; however, other agency use is permitted for 2 2900-3000 MHz: Also, allocated for next generation weather radar (NEXRAD) systems

experimentation, research, and survey operations, if no harmful interference occurs.

Figure 29. NTIA spectrum survey graph summarizing 48 scans across the 2900-3100 MHz range (System-2, band event 14, stepped
algorithm, +peak detector, 1000-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT RADIOLOCATION RADIOLOCATION. RADIOLOCATION, RADIOLOCATION,
ALLOCATIONS:
NON-GOVERNMENT Radiolocation. Amateur, Radiolocation. Radiolocation. FIXED-SATELLITE
ALLOCATIONS: (space-to-Earth), 2
GENERAL 3. 3 3. INMASAT, INTELSAT
UTILIZATION:
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1. AERONAUTICAL RADIONAVIGATION (Ground-based) 3. Primarily military airborne, land-based, and shipborne defense radars.
2. Radiolocation.

Figure 30. NTIA spectrum survey graph summarizing 46 scans across the 3100-3700 MHz range (System-2, band event 15, stepped
agorithm, +peak detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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GOVERNMENT
ALLOCATIONS:

NON-GOVERNMENT FIXED, FIXED-SATELLITE (space-to-Earth)
ALLOCATIONS:
GENERAL Domestic public fixed, satellite communications.

UTILIZATION-
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Figure 31. NTIA spectrum survey azimuth-scan graph of the 3700-4200 MHz range (System-2, band event 16, swept algorithm,
maximum-hold detector, 100-kHz bandwidth) at San Diego, CA, 1995.
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Figure 32. NTIA spectrum survey graph summarizing 32,500 sweeps across the 4200-4400 MHz range (System-2, band event 17,
swept/m3 algorithm, +peak detector, 300-kHz bandwidth) at San Diego, CA, 1995.
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Figure 33. NTIA spectrum survey azimuth-scan graph of the 4400-5000 MHz range (System-2, band event 18, swept algorithm,
maximum-hold detector, 100-kHz bandwidth) at San Diego, CA, 1995.
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Figure 34. NTIA spectrum survey graph summarizing 32,000 sweeps across the 5000-5250 MHz range (System-2, band event 19,
swept/m3 algorithm, +peak detector, 300-kHz bandwidth) at San Diego, CA, 1995.
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Figure 35. NTIA spectrum survey graph summarizing 22 scans across the 5250-5925 MHz range (System-2, band event 20, stepped
algorithm, +peak detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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Figure 36. NTIA spectrum survey azimuth-scan graph of the 5925-7125 MHz range (System-2, band event 21, swept algorithm,
maximum-hold detector, 300-kHz bandwidth) at San Diego, CA, 1995.
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Figure 37. NTIA spectrum survey azimuth-scan graph of the 7125-8500 MHz range (System-2, band event 22, swept algorithm,
maximum-hold detector, 300-kHz bandwidth) at San Diego, CA, 1995.
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Figure 38. NTIA spectrum survey graph summarizing 23 scans across the 8500-10550 MHz range (System-2, band event 23, stepped
algorithm, +peak detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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Figure 39. NTIA spectrum survey azimuth-scan graph of the 10550-13250 MHz range (System-2, band event 24, swept algorithm,
maximum-hold detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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Figure 40. NTIA spectrum survey graph summarizing 40 scans across the 13250-14200 MHz range (System-2, band event 25,
stepped algorithm, +peak detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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Figure 41. NTIA spectrum survey azimuth-scan graph of the 14200-15700 MHz range (System-2, band event 26, swept agorithm,
maximum-hold detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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Figure 42. NTIA spectrum survey graph summarizing 39 scans across the 15700-17700 MHz range (System-2, band event 27,
stepped algorithm, +peak detector, 3000-kHz bandwidth) at San Diego, CA, 1995.
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Figure 43. NTIA spectrum survey aximuth-scan graph of the 17700-19700 MHz range (System-2, band event 28, swept algorithm,
maximum-hold detector, 3000-kHz bandwidth) at San Diego, CA, 1995.



measured with different bandwidths and algorithms. This is the case for Figures 21 and 22.
Figure 22 covers the same frequency range as the upper 25% of Figure 21, but the appearance
of the two graphs is completely different. The signals in Figure 22 appear (at first glance) to be
much stronger and denser than those in the common part of Figure 21.

The previous two examples are given as a caution to the reader that each survey band is intended
to best describe the signal environment within its frequency range and is not, generally
comparable to other survey bands. The summary observations of Section 3.5 should be of help
with interpretation of the data graphs.

3.5 Observations on Measured Data and Spectrum Use

It is important to understand what aspects of spectrum use can be extrapolated from the RSMS
data presented in this report, and also what aspects of spectrum use cannot be inferred from these
data. First, the data acquisition was performed at a single location in the San Diego metropolitan
area during a two-week period spanning the end of February and the beginning of March 1995.
In most measured bands, the RSM S data presented in this report show maximum, minimum, and
average measured power levels of received signals. In these bands, the cumulative measurement
time during the survey was typically several hours, spread uniformly over the diurnal cycle. For
some bands that were nondynamic and measured with the azimuth-scanning technique, only a
single occupancy curve is shown.

Based on the measurement and sampling techniques used, we believe that these data represent
an extremely good statistical sampling of the activity in the radio spectrum in the San Diego
metropolitan area.  Maximum and minimum activity levels measured in the spectrum are
probably very good representations of actual activity levels. The average curves provide a good
gualitative estimate of the typical received power as a function of frequency. The maximum,
minimum, and average curves can also be used to quaitatively assess the relative density of
channel occupancy on a band-by-band basis. In the azimuth-scan bands, the single curve which

is shown likewise provides a good estimate of the density of spectrum occupancy in the survey
area.

However, while the data presented here can be used to infer the density of frequency occupancy,
these data cannot be used to infer the statistical percentage of time that channels are occupied.
A good analogy is to imagine counting houses while driving along a street: one can easily count
the number of houses that have been built on each block (analogous to counting the number of
frequencies that show activity in each band in the RSMS survey), but one cannot tell, on the
basis of that count, what percentage of time the houses are occupied. Signals that are observed
in 100% of the scans can be determined, because the minimum curve will show such activity.
Other than 100% signals, the average curves provide a qualitative, not quantitative, measure of
occupancy for the measured frequencies.

There is an RSM S measurement technique for obtaining absolute channel occupancy statistics.

Measurements of this type were performed (in mobile radio bands) in conjunction with the RSMS
occupancy survey in San Diego. Results of those measurements will be published separately.
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3.5.1 Band-by-band Observations on Spectrum Use in the San Diego Area

Table 7 contains band-by-band observations on spectrum occupancy in the San Diego area. The
comments are based on examination of the RSM S data collected during the spectrum survey and
frequency alocation information in the NTIA Manua [ 1, Chapter 4].

Table 7. Comments on San Diego Spectrum Occupancy Measurement Results

Spectral Range

Figure

Comments

108-138 MHz

4

Across the 108-1 14 MHz range, 40 dB of RF attenuation were used in the
RSMS front-end to prevent overload by signals in the adjacent 88-108 MHz
commercial FM radio broadcast band. This raised the RSMS noise floor in
this range by 40 dB relative to the rest of the band, and reduced RSMS
sensitivity to signasin the 108-I 14 MHz range by the same amount.

Instrument landing system (ILS) localizers transmit in the 108-112 MHz
range, but detection was not expected due to the high RSMS noise figure in
this range. However, an ILS glideslope signal is observed at 333 MHz.
Across 108-118 MHz, very-high frequency omnidirectional range (VOR)
aeronautical navigation beacons are observed as 100% emitters. These are
seen as vertical lines coming up from the minimum curve. Also, in the air
traffic control (ATC) band across 118-136 MHz, automated terminal informa:
tion service transmissions appear as high-average or 100% signals. Freg-
uently used ATC frequencies also appear as high points on the average curve.
Air mobile frequencies that were used at least once during the survey are
observed on the maximum curve. A large number of the available channels
in the ATC band were used during the survey period.

In the 137-138 MHz band, television infrared observation satellite signals are
not receivable by the RSMS. NOAA weather satellites operate at
137.62 MHz. Signa occupancy observed at 137.6 MHz (at about -60 dBm)
is stronger than expected for aNOAA weather satellite.

138-162 MHz

A large number of mobile and amateur signals are observed in the 138-
148 MHz portion of the spectrum. The average curve is significantly raised
across 144-148 MHz, used by amateurs. Between 148-162 MHz, a large
percentage of available channels also show use. Transmitters between 152-
153 MHz were in operation continuously during the survey period.

Maritime mobile signas occur between 156.2475-162.025 MHz. All of these
channels show some occupancy, consistent with expectations for the San
Diego area.

During the survey, routine station identification monitoring indicated unautho-
rized use of frequencies at and near 150 MHz in the San Diego area. This
information was sent to the FCC Field Enforcement Bureau, which later
located several unauthorized sources in southern California, including fishing
boats offshore.
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range

Figure

Comments

162-174 MHz

6

A variety of fixed and mobile signals are observed. The signal near
162.5 MHz is a public broadcast weather information channel. Essentialy all
of the channels in this band show some occupancy during the survey period,
and many channels raise the average curve.

174-216 MHz

Television broadcast channels 8, 10, and 12 are occupied. Adjacent broadcast
channels are unoccupied, in accordance with FCC regulations. Twenty dB
attenuation was used to prevent front-end overload in RSMS.

216-225 MHz

Some channels are used in the 216-220 MHz maritime mobile allocation.
Signals that are possibly from a trunked system occur between 220-
220.75 MHz. Identical received amplitudes of five signals between 220-
220.7 MHz implies the possibility of a single, fixed location of origin. These
signals may be from an LMR base station. Amateur signals are observed
above 221 MHz, and the relative density of channel occupancy increases
above 223.5 MHz. No military radiolocation occurs in this spectral range in
the San Diego area.

225-400 MHz

Military ATC communications are observed. Many of these signals are 100%
transmissions from fixed locations. Even signals that are less than 100%
often are used enough of the time to significantly affect the average curve.
ILS glidesiope signal is observed at about 333 MHz.

400-406 MHz

10

Fifteen to twenty signals are observed in this meteorological aids band for
brief intervals during the survey period. The relative paucity of observed
signds is consistent with typicaly low EIRP and typicaly intermittent
operation of most systems that use this band (e.g., radiosonde).

406-420 MHz

1

A number of fixed and mobile signals (about 30) affecting the minimum and
average curves, are observed. Four of the signals are observed in 100% of
RSMS data scans.

420-450 MHz

12

High-power radar signals produce essentially all of the occupancy observed in
this band. Some of these signals saturated the RSMS at amplitudes in excess
of -25 dBm in 50 ohms, with the omnidirectional receiving antenna. The
radars are on ships and naval aircraft. Compare the high level of activity in
this band in the San Diego area with practically nonexistent activity in the
same band in the Denver, Colorado area [2].

450-470 MHz

13

A large number of land mobile signals are observed, and many of them affect
the average curve.  The band edges of the 460-465 MHz base station
alocation are very distinct.
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range

Figure

Comments

470-512 MHz

14

Between 470-490 MHz, the RSMS front-end was operated with 30 dB
RF attenuation to prevent front-end overload by the TV broadcast channel 15
signal. The rest of this band was measured without RF attenuation. The
result is a noise floor that is 30 dB higher across 470-490 MHz than across
the rest of the band.

Television broadcast channels 15 and 19 are occupied by local San Diego
stations. Channel 18 is occupied by station KSCI in Los Angeles. Therest
of the occupancy observed in this band is generated by nontelevision
transmitters.

Spectrum nominally allocated for television broadcast channels 14, 16 and 20
shows use by the Los Angeles T-band land mobile radio allocation, as defined
in the CFR [3, Part 90.3111, for ten major urban areas in the United States.
Base stations operate in the lower half of each channel, and mobile stations
operate in the upper half of each channel. In particular, the lower half of
channel 16 shows use by Los Angeles County public safety base stations for
land mobile radio. Note that, although the T-band allocations are for Los
Angeles, which is nominaly well beyond line-of-sight from the RSMS
location at Point Loma, spectrum occupancy by these systemsis still readily
observed in the San Diego area. This may be due to propagation from high
terrain in the southern Los Angeles area, and/or to ducting phenomena.

Channel 17 shows occupancy by low-power television in the San Diego area,
and also by local area networks in Mexico.

512-806 MHz

15

All of the signals observed in this band appear to be UHF television broad-
cast. At least nine of them were observed in 100% of RSMS scans, the
remainder having been turned off at least once during the survey.

806-902 MHz

16

Cdllular, trunked, and public safety portions of this part of the spectrum are
clearly delineated. Mobile and base parts of the band are also clearly
identifiable.

Within the 806-821 MHz (mobile conventional and trunked) band segment,

most occupancy occurs between 811-821 MHz. The 821-824 MHz mobile
public safety band shows occupancy by four signals, but the probability of
intercept (POI) for such signals by the RSMSis low (compare to the 866-

869 MHz base public safety band, below). The 824-849 MHz cellular mobile
band shows enough use by mobile units to raise the average curve slightly.

The 849-851 MHz ground-to-air allocation shows no measured occupancy,
although the POI for such signals by the RSMSislow. The 851-866 MHz
base conventional and trunked band shows occupancy that significantly raises
the average curve. The 866-869 MHz base public safety shows occupancy on
about twenty channels, and the average curve is affected. The 869-894 MHz
band, occupied by cellular base stations, is distinctly observed. The 100% use
channels between 879.3-880.5 MHz are probably system control channels.

Air-to-ground signals between 894-896 MHz are observed, confirming that
low POI probably prevents the RSM S from measuring corresponding ground-

to-air signals. A few signals are observed in the 896-901 private land mobile
band, and a single signal was recorded in the 901-902 MHz general mobile
alocation.
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range

Figure

Comments

902-928 MHz

17& 18

Thisband is measured two different ways. with the positive peak detector in
maximum hold mode and 10-kHz IF bandwidth, as shown in Figure 17, and
with the positive peak detector in stepped mode and I-MHz bandwidth, as
shown in Figure 18. The narrow-IF bandwidth, maximum-hold measurement
is intended to show industria, scientific and medical (ISM) and Part 15
device operations, while the wide-IF bandwidth, stepped algorithm isintended
to optimize the RSM S for measurement of radar signals in the band. For the
San Diego area, both algorithms produce band occupancy measurements that
show a higher level of occupancy than was indicated in the Denver, Colorado
survey measurements [2].

A wide variety of systems operate in this band. These include, but are not
limited to, high-power naval radars (primary alocation in the band), |SM
devices, Part 15 devices, wireless local area networks (required to either use
spread spectrum or frequency-hopping transmitters), automatic vehicle
monitoring, digital communication systems, repeaters, and amateurs.
Figure 17 shows the cumulative effect of nonradar devices on spectrum occu-
pancy in this band. Radar emissions tend to be discriminated out of these
data by the narrowband (10-kHz) IF. Maximum observed signal amplitude in
this bandwidth is about -60 dBm on an omni antenna. Note that many of the
signals are observed in 100% of RSM'S data scans.

Signals between 926-928 MHz are apparent intermodulation products from
pager systems operating between 928-932 MHz.

Figure 18, made with positive peak detection in a l-MHz IF bandwidth,
primarily shows activity of high-power naval radars. Note that, with the
wider measurement bandwidth, which more closely matches the emission
bandwidth of the radar signals, the maximum measured amplitude of the
signalsin the band exceeds a vaue of -30 dBm in 50 ohms, as received on
the RSM S omni antenna.

928-960 MHz

19

Paging systems are observed between 928-932 MHz. Possible intermod-
ulation products from these pagers are observed adjacent to this spectra
range, between 926-928 MHz and 932-934 MHz.

The 932-935 MHz point-to-point and point-to-multipoint band is clearly
delineated, as is the 935-940 MHz land mobile band. Two signals were
constantly present in the 941-944 MHz band for fixed, point-to-point, and
poi nt-to-multipoint communications. Most signals in the 944-960 MHz fixed
band (auxiliary broadcasting, fixed private microwave, and studio-to-trans-
mitter links) were present in 100% of RSM S data scans.
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range

Figure

Comments

960-1215 MHz

20

Activity in this band is produced entirely by aeronautical navigation aids.
These include tactical air navigation beacons (TACAN), distance-measuring
equipment (DME), and air traffic control radar beacon system (ATCRBYS)
interrogators and transponders. Probable TACAN signals appear as bumpsin
the average curve a (approximately) 978, 995, 1007, 1012, 1174, 1187, 1204,
and 1212 MHz. DME airborne interrogations occur from 1025- 1150 MHz;
DME ground beacons reply between 962-1025 MHz and 1150-1213 MHz.
Note the delineation that is visible at 1150 MHz. ATCRBS ground-based
interrogations occur at 1030 MHz, and airborne replies occur at 1090 MHz.
Both of these peaks are clearly visible in the data. Because the emissions in
this band are primarily pulsed, the average curve is essentialy unaffected by
all signals except TACAN.

1215-1400 MHz

21

This band shows occupancy by high-power, long-range air search radars.
Fregquencies occupied by distinctly identifiable radar signals are 1255, 1270,
(with other peaks noted at 1274-1282, 1314-1318, and 1359-1371 MHz),
1295, 1305, 1342, 1349, and 1392 MHz. The radar at 1255 MHz also
operated briefly at 1250 MHz, and this occurred during a scan in which
attenuation was not invoked in the RSMS; hence, this peak occurs as a shelf
to the left of the peak at 1255 MHz. It is not known which of these radars, if
any, genertited the peak at 1265 MHz. All of the measured signals between
these peaks are spurious emissions from these radars. Emission parameters
vary, but values measured by the RSMS crew are typicaly as follows:
mechanical beam rotation, 9-12 s rotation time, -6 us pulse widths, and 300-
600 pulses per second transmitted. These radars usually are observed to emit
staggered pulse trains, probably to enhance doppler processing of target
returns.

1350- 1400 MHz

22

Unlike the measurements made in the 1215-1400 MHz band, measurements in

this band are optimized to observe nonradar emissions. Nevertheless, most of
the activity observed in this band is from radars. The prominent features at
1350-1355, 1360-1372, and 1392 MHz are generated by the air search radars
shown in Figure 21. No nonradar signals are noted in this band. Because
they are pulsed signals received approximately every 9-12 s, the average and
minimum curves are unaffected.

1400-1530 MHz

23

Six digtinct signals are observed in this band by the RSMS. The frequencies
are 1449, 1459, 1464, 1482, 1502, and 1512 MHz. Four of these signals are
present in 100% of RSM S data scans.

1530-1710 MHz

24

Some signals are observed at 1610.5, 1625-1645, 1655-1665, and 1670-
1690 MHz. We infer that the other signals are probably earth-to-space for
maritime mobile satellite (allocated 1626.5-1646.5 MHz), earth-to-space for
aeronautical mobile satellite (allocated 1646.5-1668.4 MHz), and radiosondes
(allocated 1668.4-1700 MHz).
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range

Figure

Comments

1710-2300 MHz

25

All signals observed in thisband are terrestrial point-to-point communications,
as measured with the RSM S azimuth-scanning technique (see Section C.8 in
Appendix C). As in the Denver, Colorado survey [2], two parts of this
spectral range show a comparatively small number of transmitters.  1990-
2110 MHz (terrestrial allocations being auxiliary broadcasting, cable TV, and
GOES uplink), where four signals are observed, and 2200-2300 MHz
(terrestrial allocation being fixed microwave links), where one digital and one
analog signal occur. Note that all signals observed in this band in San Diego
are analog, except for the digital signal at approximately 2262 MHz.

2300-2500 MHz

26

Four communications signals, probably analog, are observed at 2315, 2333,
2367, and 2383 MHz. Their significant effect on the average curve suggests
that they likely are fixed links. Above 2388 MHz, all of the observed activity
is background radiation generated by ISM devices, and especially by aggre-
gate emissions from microwave ovens in the San Diego area. This back-
ground is observed at levels 10 dB higher than in the Denver, Colorado
measurements [2]. See also Gawthrop, et al. [4], for further information on
emission characteristics of microwave ovens.

2500-2700 MHz

27

At least 27 fixed transmitters are observed in this band. Some of the carriers
are low-amplitude, and difficult to discern at the graphic resolution presented
in Figure 27, but are clearly distinguishable in the RSMS raw data scans.
Theindividual signal spectra are standard NTSC television broadcast, so these
are multipoint distribution system (MDS, also called wireless cable television)
transmitters.

2700-2900 MHz

28

All signals in this band are generated by high-power air-search radars Four
frequencies are easily discernable (2755, 2795, 2825, and 2880 MHz).
Additional frequencies that are occupied by radars, as identified by the RSMS
crew, are 2705, 2715, and 2855 MHz. Because automatic attenuation is not
yet implemented in the RSMS, these radars saturate the RSMS front-end at
their center frequencies during most of the measurements. However, a few
manually attenuated scans were performed to document the peak received
power, and are shown as the maximum curve. So, the average curve reflects
the maximum, positive-peak detected amplitudes of the majority of scans
(which were unattenuated), while the maximum curve showsthe true envel ope
of radar emissions in this band. Note that the radar at 2795 MHZ was tuned
to about 2785 MHz on at least one (unattenuated) scan, resulting in the flat
area on the maximum curve at that frequency. Radars in this band as
measured by RSMS crew, typically have the following characterigtics:
mechanical rotation, no elevation scanning, 4.7-5.0s rotation time, about |-us
pulse width, and about 1000 pulses/s emitted at a high-order stagger,
presumably for Doppler processing of target returns.

2900-3100 MHz

29

High-power air-search radars are observed in this band. Compare the high
levels of activity observed in San Diego to the nonexistent activity in Denver,
Colorado [2].

The high peak and average values recorded at 3050 MHz are generated by
numerous surface-search radars used for maritime navigation. Most large
vessels carry a surface-search radar that operates at or near 3050 MHz.
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range

Figure

Comments

3100-3700 MHz

30

Numerous high-power radars are observed in this band. Compare the high
levels of activity observed in San Diego to the nonexistent activity in Denver,
Colorado [2].

3700-4200 MHz

31

RSMS azimuth scans observe two fixed, point-to-point microwave links in
this band. The spectra show that both of the links are digitally modulated.

4200-4400 MHz

32

Airborne radio atimeter signals, transmitted by aircraft on approach and
departure from nearby airfields, are clearly observed between 4230-
4370 MHz. Two modulations predominate: pulsed and FM/CW. Because
the signals occur very intermittently, and some are pulsed, the average and
minimum curves are not affected.

4400-5000 MHz

33

At least thirteen fixed, point-to-point microwave links are observed in this
band, as measured with the RSMS azimuth-scanning technique. Narrow
emission spectra are analog signals, and wide emission spectra are digital

signals. Five of the thirteen identifiable signals are digital.

5000-5250 MHz

The signals observed in this band are spurious emissions from radars
operating in the 5250-5925 M Hz radiolocation band. Because they are pulsed
emissions that occur sporadically, depending upon such factors as beam
scanning, proximity of the observed radars to the RSMS, and operational
times of the radars, the occupancy by the radar spurious emissionsin this
band looks “spiky” on the graph. (The optimal algorithm for observation of
these signals would have been stepped, but the RSMS only uses that agor-
ithm in radiolocation bands during spectrum surveys.  This band was
measured with the swept/m3 algorithm.)

None of the signalsin this band are microwave landing system (MLS) signals;
there are no MLS deployed in the San Diego area.

5250-5925 MHz

35

All emissions in this band are produced by radars. Radars using this band
include maritime surface-search and weather surveillance units.  The flat
plateaus in the maximum curve are caused by radar emissions that were
measured when no personnel were present at the RSM S to invoke attenuation;
automatic attenuation is being added to RSM S capabilities.

5925-7125 MHz

36

At least seven fixed links, al of them analog, are observed between 5925-
6425 MHz, in afixed and fixed-satellite band, in the RSM S azimuth-scan
measurement.  Another sixteen links, most of them analog, are observed
between 6550-6875 MHz, in another fixed and fixed-satellite band. Four
links, two of them digital, occur between 6875-7100 MHz in the fixed-satel-
lite/auxiliary broadcasting band. Overall, less occupancy is observed from
Point Loma by the RSM S than was recorded in Denver, Colorado [2].

7125-8500 MHz

37

Approximately seven fixed links, six of them analog, are observed in the
RSM S azimuth-scan measurement. Substantially less occupancy is observed
in this band in the RSMS San Diego survey than in the Denver survey [2].
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Table 7. Comments on San Diego Spectrum Occupancy Measurement Results (Continued)

Spectral Range Figure Comments
8500-10550 MHz| 38 All signals observed in this band are generated by radars. The majority of
radars observed in this band in San Diego are maritime surface-search units.
Some airborne units are also observed. A shore-based navigation radar tuned
to 9400 MHz was present in 100% of RSM S scans. Essentialy al surface-
search radars carried by small vessels operate in this band; larger vessels also
frequently carry radars that operate in this band. Typica operationa
parameters of the surface search radars, as measured by RSMS crew, are:
mechanical rotation, 2-4 s rotation, less than 300-ns pulse width, pulse
repetition rates of several thousand pulses per second, no pulse staggering
present.
Compare occupancy in this band in San Diego to much lower occupancy in
land-locked Denver, Colorado [2].
10550-13250 39 One digital signal is observed in this band. Observed occupancy is lower
MHz than was observed in Denver, Colorado [2].
13250-14200 40 A radar is observed at 13730 MHz.
MHz
14200-15700 41 One or two signals are observed in the RSMS azimuth scan. In general, the
MHz probability of intercept by the RSMS for signals in this band is low. See
Appendix C.
15700-17700 42 A few signals are observed in the RSMS azimuth scan. In generd, the
MHz probability of intercept by the RSMS for signals in this band is low. See
Appendix C.
17700- 19700 43 No signals are observed; the change in the RSM S noise floor is due to a band
MHz edge in the spectrum analyzer. In general, the probability of intercept by the

RSMS for signals in this band is low. See Appendix C.

67




[1]

[2]

[3]

[4]

4. REFERENCES

Manual of Regulations and Procedures for Federal Radio Frequency Management, revised
Sep. 1993 and Jan. 1994, NTIA Office of Spectrum Management, U.S. Government Printing
Office, Stock No. 903-008-00000-8.

F.H. Sanders and V.S. Lawrence, “Broadband spectrum survey at Denver, Colorado,” NTIA
Report 95-321, Sep. 1995.

Title 47 Code of Federal Regulations, Telecommunications, Part 80 to End, revised Oct.
1994, (U.S. Government Printing Office, Superintendent of Documents, Mailstop: SSOP,

Washington, DC 20402-9328).

P.E. Gawthrop, F.H. Sanders, K.B. Nebbia, and J.J. Sdll, “Radio spectrum measurements of
individual microwave ovens,” NTIA Report 94-303-1,2, Mar. 1994.

68



